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A HISTOCHEMICAL STUDY OF EPIDERMAL GLYCOGEN IN SKIN
DISEASES *
KARL STEINER, M.D.t
The present study was undertaken in order to supply descriptive data on cutaneous
glycogen in a greater number and variety of skin diseases than have previously been re-
ported (28, 7).
Fetal human skin contains great amounts of glycogen demonstrable chemically as well
as histologically (3, 4, 35, 26, 39). The histochemical demonstration of this glycogen re-
veals it to be localized primarily in the epidermis. In adult skin, the normal epidermis
appears free of glycogen (18, 19, 28, 21, 22, 23, 30, 31), or it contains minimal amounts,
recognizable by a faint stain in prickle cells or granular cells (36, 37, 34, 7). Hair contains
much glycogen (22, 23, 30). Montagna et al. (21, 22, 23) present illustrations of glycogen in
peripheral, immature, sebaceous gland cells, and mention its presence in sebaceous duct
cells. These authors (22) describe also sparse glycogen in the secretory cells of apocrine
sweat glands. Eccrine sweat glands contain ample glycogen (28, 26, 14, 40, 10, 31 22, 23)
which disappears from the cells during secretory activity and reappears after rest (31).
Large amounts of glycogen occur in the epidermis of regenerating skin wounds, grafts, and
cultures of human adult epithelium (6, 13, 29, 17, 38).
In certain skin diseases the epidermis seems to contain considerable amounts of glycogen.
Sasakawa (28) found glycogen in inflammatory skin diseases with "remarkable epithelial
proliferation" and in some squamous cell epitheliomas. Braun-Falco (7) described ap-
preciable amounts of glycogen in neurodermatitis, psoriasis, acanthotic eczemas, lichen
simplex chronicus, lupus erythematosus discoides, and in some papillomas. Psoriatic
erythrodermia showed a moderate glycogen content of the epidermis. Lichen planus verru-
cosus and dermatitis herpetiformis contained very little epidermal glycogen. The basal
layer was always glycogen-free, while the higher layers of the rete Malpighii, and especially
the central cores of hypertrophic rete pegs were usually the main sites of accumulations of
glycogen granules. Sometimes parakeratotic layers contained glycogen, usually in a diffuse
form. Hyperkeratosis was always found to be free of glycogen. Braun-Falco concludes that
acanthosis is the decisive factor for the presence of epidermal glycogen in skin diseases,
and that more glycogen is present in conditions which produce edema of the epidermis.
Except for the studies by Sasakawa and by Braun-Falco, there have been only occasional
observations of glycogen in skin diseases. Arnd (2) described three cases of Paget's car-
cinoma of the breast in which he found the specific ce]ls filled with glycogen. He mentions
parakeratosis in two of these cases. Yuyuam (40) investigated the relationship between
secretory activity of the sweat glands and their glycogen content in leprosy. Argyris (1)
reported on experiments in mice in which he painted the skin with methylcholanthrene.
In skin, the hairs of which were in the resting phase, methyicholanthrene produced cellular
proliferation, epilation with loss of sebaceous glands, reduction of the keratohvalin layers,
and appearance of considerable glycogen in the hypertrophic rete cells for the first week
following the painting. The repeatedly noted connection between epidermal glycogen and
tumor growth was also observed by Brett and Rathjens (8) who found that only prickle
cell epitheliomas contained histochemicallv demonstrable glycogen (as well as nondigestible
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polysaccharides). Steigleder (33) related the occurrence of glycogen in psoriasis and neuro-
dermatitis to the acanthosis present.
Rothman (27) summarizes many findings discussed here by stating that there seems to
exist a direct relationship between proliferative and regenerative processes of the epidermis
and its glycogen content. Glycogen has been considered as a substance the breakdown of
which provides energy for cellular activity, especially mitosis. Bullough (9) stated that all
factors which hinder glycogen synthesis impede mitosis. Montagna and his collaborators
deduce from their findings that, under physiological conditions, glycogen is found where
the normal rate of keratinization is impaired, and that there is no glycogen present in zones
of abnormally rapid keratinization and high mitotic activity. This means, in other words,
that glycogen is used up when there is increased mitotic activity and consequent keratiniza-
lion, and that it is "dammed up" when there is impairment of these processes. Other
authors think of glycogen as the energy provider for such processes as developmental
growth (3, 4, 35), keratinization (6, 22, 23, 7), repair and regeneration of wounds and in-
juries (6, 13, 29, 17), and functional activity of skin glands (10, 31, 22, 23) and of smooth
muscles of the skin (27). On the other hand, a number of authors attribute to glycogcn a
more specific function, usually considered to be related to the keratinization process.
Claude Bernard (3, 4) regarded glycogen as a building stone in the development and re-
generation of the epidermis. Unna (36, 37) interpreted the glycogen of the "keratogenous"
zone as a breakdown product of keratohyalin, trichohyalin and eleidin, and the predecessor
of oleic acid which, in its turn, is used in keratin synthesis. Smith and Parkhurst (32)
described an inverse ratio of glycogen to keratohyalin in the skin of the guinea pig. Bolliger
and McDonald (5) considered glycogen as a building material of sheep hair. Argyris (1)
noted the simultaneous increase of glycogen and decrease of keratohyalin in his mentioned
methylcholanthrene experiments. Montagna et al. observed that there is more glycogen in
the skin epithelia when the normal keratinization is "blocked" (22, 23). Firket (13) thought,
on the basis of findings in regenerating wounds of guinea pig skin (produced by freezing with
carbon dioxide snow), that glycogen serves as well for the synthesis of keratin as for other
substances. Scothorne and Scothorne (29) emphasize the role of glycogen in the rebuilding
of keratin.
It appears from this review of the literature that more descriptive data on
cutaneous glycogen could facilitate a better understanding of its function in the
normal and diseased epidermis. With this in mind, and because of the generally
epithelial localization of glycogen, the majority of skin diseases in this study
were selected from the group of primarily epidermal diseases.
METHODS OF STUDY
The biopsy specimens were fixed in 10 % aqueous formaldehyde or, in some
instances, in Bouin's solution. They were stained according to the periodic acid-
Schiff technic (after McManus; cf. Pearse (24)). For most sections a counterstain
with Weigert's acid iron hematoxylin was used. Control slides were collodionized
before staining, some of them for the purpose of better comparison only over half
of their surface. (A collodion film serves as protection against loss of glycogen
during hydrolysis and oxidation in the course of the staining process (Pearse
(24)). To distinguish glycogen from other PAS-positive substances, alternating
sections were treated, before staining and collodionizing, with 1 % aqueous malt
diastase, or saliva, for a half hour at room temperature, for the purpose of re-
moving the glycogen.
By the PAS-McManus method, glycogen is stained purplish-red. It is usually
present in small collections of intracellular, rather fine granules or droplets, more
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EPIDERMAL GLYCOGEN IN SKIN DISEASES 601
rarely in amorphous, diffusely staining, short bands. Because of its intracellular
localization and its fine-granular appearance it can usually be distinguished
easily from other PAS-positive substances. The diastase control is nevertheless
necessary for the definite identification of glycogen. This becomes particularly
obvious from the appearance of finely granular, perinuclear melanin caps in
epidermal basal cells and, more important still, sometimes also in lower prickle
cell layers, which stain faintly with PAS, in which case they resemble glycogen
granules quite closely. A number of sections showing melanin caps were stained
for melanin (and reticulum) with silver-diaminohydroxide after Wilder (16).
Additional controls for glycogen were made with Best's carmine, with and
without preceding diastase treatment.
RESULTS
I. Primarily epidermal diseases
A. Benign proliferations.
Callus, verruca vuigaris, verruca plantaris, papilloma, and condyloma acumina-
tum (14 cases). The extreme acanthosis and hyperkeratosis of calluses is prac-
FIG. 1. Callus. x 75. No glycogen in epidermis which shows considerable acanthosis and
a tremendous hyperkeratosis.
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FIG. 2. Verruca vulgaris. X 100. No glycogen in acanthetic, extremely papillomatous
and hyperkeratotic epidermis.
tically free of PAS-positive substances (fig. 1). In occasional areas there is some
fuchsin-stairied material iii the upper stratum spinosum underlying rare para-
keratosis. Some of this substance is diastase-resistant.
Verrucae show essentially the same picture as calluses (fig. 2). There is exten-
sive acanthosis and hyperkeratosis without glycogen. In small areas there is
non-digestible, PAS-positive substance in the keratin (fibriri arid leukocytes).
In a plantar wart a moderate amount of glycogen was found in the upper stratum
spinosum corresponding to parakeratotic areas and in the parakeratosis itself.
The latter was largely diastase resistant.
Papillomas and acuminate condylomas reveal, in general, the same pictures as
verrucae. In some of these specimens, however, there is a moderate or even con-
siderable amount of glycogen in the upper rete Malpighii beneath areas of
parakeratosis (fig. 4). Otherwise, there is no glycogen in these tremendously
acanthotic, papillomatous, and hyperkeratotic or parakeratotic structures
(figs. 3 and 4). The hyperkeratotic and parakeratotic layers frequently show
quite extensive masses of PAS-positive, but diastase-resistant, substance (fig. 3).
In some papillomas periiiuclear melanin caps stain dark purplish-red (fig. 3): they
are, however, diastase-fast.
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FIG. 3. Papilloma. X 208. NG glvcogen in acanthGtic, papillomatous, mildly hyperkera-
tGtic epidermis. Abundance Gf PAS-positive melanin in basal cells and lGwer prickle cells.
FIG. 4. Condyloma acurninatum. X 68. Some glcogen iii a small portion of the tremen-
dously acanthotic and papillomatous epithelium; this area is in the right lower part of the
picture, and it corresponds to a mild parakeratosis. Otherwise no glycogeri in this field.
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604 THE JOUENAL OF INVESTIGATIVE DEEMATOLOGY
FTG. 5. Molluscum contagiosum. X 155. A moderate amount of glycogen in the peripheral
part of the lesion in the little changed rete cells left of the middle.
Molluscum contagiosum. There was some glycogen in the one specimen exam-
ined (fig. 5). This glycogen was localized in the still unchanged, or little changed,
peripheral Malpighian cells. The molluscum bodies were glycogen-negative.
Psoriasis vuigaris and lichen planus (12 cases). Most cases of psoriasis showed
considerable glycogen in the centers of the hypertrophic rete pegs arid in the
upper stratum spinosum (fig. 6). This glycogen waspresent in small diffuse clumps
or in differently-sized,but always minute, granules and droplets. In parakeratotic
layers glycogen and diastase-resistant substance were also found, particularly in
microabscesses (fibrin and leukocytes?). This was usually amorphous and diffuse
but sometimes granular. In 2 cases little or no glycogen was visible. The patho-
logical picture in one of these 2 cases was rather atypical, i.e. more that of chronic
dermatitis. Clinically, this case was rather acute.
In "normal" skin from psoriatic patients patches of parakeratosis were charac-
terized by glycogen in the Malpighian layers.
The lesions of lichen planus generally contained less glycogen than psoriasis.
However, there seemed to be more glycogen present wherever there was liquefac-
tion degeneration of the basal cells (fig. 7). No glycogen was apparent in hyper-
keratotic areas where there was either a normal or a relatively increased granular
layer. PAS-positive substance other than glycogen was noticeable in the keratin
of some specimens of lichen planus. In the basal cells fuchsin-stained pigment was
frequently conspicuous.
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FIG. 6. Psoriasis vulgaris. X 100. Considerable glycogen in rete pegs, parakeratosis and
microabscess.
B. .Precancerovs lesions and epitheliomas.
.Pseudoepitheliomatous hyperplasia, leukoplakia, keratosis senilis, and cornu
cutaneum (17 cases). The epithelium of a pseudoepitheliomatous hyperplasia of
a varicose leg ulcer contained little PAS-positive substance. However, some of
this was still demonstrable after digestion with diastase.
Abundant epidermal glycogen was found in leukoplakia and some of this sub-
stance seemed to be localized in acanthotic and hyperkeratotic patches although
it was more regularly found where there was acanthosis and parakeratosis. Wher-
ever it was present, the glycogen could be seen in the lower and/or upper Malpigh-
ian layers (fig. 8), and even in the keratogenous zone, but never in the keratin
itself. A small amount of diastase-resistant substance was also spottily distributed
through the Malpighian layers.
Senile keratoses and verrucae presented varied pictures of patchy atrophy and
acanthosis with hyperkeratosis or parakeratosis, and in some instances papilloma-
tosis (fig. 9). In general, small or moderate amounts of diffusely PAS-stained
material were present in the upper Malpighian layers and in the parakeratosis of
these lesions. This could be seen regardless of acanthosis and papillomatosis or
atrophy. The total amount was always small, and some of the PAS-positive
substance proved to be diastase-resistant. In a few sections glycogen was present
in upper Malpighian layers of hyperkeratotic areas (fig. 9).
In contrast to senile keratoses, 2 specimens of cornu cutaneum contained con-
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FIG. 7. Lichen planus. X 448. Considerable glyeogen in middle Malpighian layers corre-
spondng to basal liquefaction degeneration; slight parakeratosis in this area is also shown
by absence of granular layer.
FIG. 8. Leukoplakia of lip. X 184. A small amount of glcogen in the upper Malpighian
layers of the acanthotic lesion.
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FIG. 9. Seborrheic, verrucous keratosis. X 75. A moderate amount of glycogen in the
upper Malpighian rete and in the keratogenous zone at the base of the two onion-shaped
hyperkeratotic masses, and in a smaller, parakeratotic mass at the right margin of the
picture.
siderable amounts of glycogen which was almost completely confined to para-
keratotic layers (fig. 10) and to the spatially corresponding Malpighian cell
layers. Some digestible substance was apparently also present in hyperkeratotic
patches. A small amount of fuchsin-stained material remained in these specimens
after treatment with diastase.
Basal cell epitheliomas (6 cases). In one case some glycogen was visible in the
slightly atrophic surface epithelium covering the tumor, and a considerable
amount of PAS-positive substance was present in the same localization in another
case. A small amount of this substance remained behind after treatment with
diastase. All tumor masses, and the surface epidermis of 4 cases, were entirely
devoid of glycogen and diastase-resistant, PAS-positive substances (fig. 11). In
the 2 specimens containing epidermal glycogen this substance was localized in the
keratogenous zone.
Mixed epitheliomas and prickle cell epitheliomas (5 cases). Moderate to large
amounts of glycogen could be seen in tumor cells (figs. 12, 13), in the keratin
sheets, and in horn pearls (fig. 14) of prickle cell epitheliomas, and in the corres-
ponding portions of mixed epitheliomas (figs. 12, 13). The basal cell portions of
mixed epitheliomas were free of glycogen (fig. 12). The surface epithelium of all
of these tumors, which was variously hyperkeratotic or parakeratotic, usually
showed much glycogen, in normal appearing areas as well as in atrophic sites. In
the tumors themselves and in the epidermis some fuchsin-stained material re-
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FIG. 10. Horn mass of cornu cutaneum. X 100. Abundant glycogen (and other poiy-
saccharides) in heaped-up parakeratotic Iamellae; much less in some hyperkeratotic areas.
sisted digestion with diastase. In the tumors this substance was frequently local-
ized in the horn pearls.
C. Inflammatory diseases.
Acute and chronic dermatitis (9 cases). No correlation was apparent between
glycogen content of the epidermis and special types of dermatitis e.g. contact
dermatitis, seborrheic dermatitis, atopic dermatitis, nummular eczema. As re-
gards acuteness or chronicity of the dermatitis there was likewise no consistent
glycogen pattern discernible but greater amounts of glycogen seemed to be pre-
sent in those cases which showed considerable spongiosis or vesicle formation of
the epidermis.
In 3 cases of subacute and chronic dermatitis little glycogen was present in the
epidermis. Two of these 3 cases showed considerable acanthosis. In a fourth case
of chronic eczema moderate amounts of glycogen were present in a number of
fused rete pegs.
On the other hand, 4 acute cases showed considerable glycogen particularly in
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FIG. 11. Basal cell epithelioma. X 112. No glycogen in the tumor mass
Fm. 12. Mixed epithelioma. X 120. Considerable glycogen in squamous cells. No glycogen
in bud-like basal cell portions.
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FIG. 13. Mixed epithelioma (same section as Fig. 12). X 800. latercellular and intra
cellular glycogen CG1]eetions under high power. Granular character of clumps, perinuclear
drift (artefact!), intercellular deposition of glycogen in bridges.
the areas of pronounced spongiosis and vesiculation (fig. 15). In a filth case of
acute dermatitis no epidermal glycogen could be seen although the histologic
picture of this case was much the same as those of the 4 other acute cases.
Erythrodermias (4 cases). Despite a different etiology (eczematous, psoriatic,
lymphoblastic), 4 cases of erythrodermias represented a similar picture of glycogen
content and distribution. There was hardly any PAS-positive substance in the
epidermis. This same absence of glycogen was present in the acanthotic epithe-
hum of the psoriatic erythrodermias (fig. 16) and in the spongiotic and vesicular
areas of the generalized eczemas. In the latter localizations there was sometimes a
slight, diffuse, pink stain in the keratogenous zone, but some of this stain was
still visible after treatment with diastase.
Pemphigus and dermatitis herpetiformis (6 cases). These diseases showed, in
general, little glycogen. In some specimens the epidermal edges of blisters con-
tained PAS-positive, diastase-digestible material. Acantholytic ("Tzanck") cells
of pemphigus revealed no glycogen. Blister content was sometimes fuchsin-
stained, particularly the fibrin and the leukocytes, but most of this stain persisted
after treatment with diastase. One case of familial chronic benign pemphigus
(Hailey and Hailey) revealed a faint stain of the keratogenous zone which dis-
appeared after digestion. Specimens of "normal" skin from this case did not show
epidermal staining with fuchsin.
One case of pemphigus contained abundant amounts of glycogen throughout
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FIG. 14. Squamous cell epithelioma. X 128. Glycogen in horn pearls, keratin sheets, and
in some prickle cells. Some of the PAS-positive substance is diastase-resistant.
FIG. 15. Nummular eczema. X 232. Considerable glycoge.n, particularly in spongiotic
areas.
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FIG. 16. Psoriatic erythrodermia. >< 200. No glycogen in the considerably acanthotic
epidermis.
FIG. 17. Pemphigus vu]garis, edge of bulla. >< 376. Abundant glycogen in the cells of the
middle and upper Malpighian layers. Absence of rete pegs suggestive of regenerative type
of epidermis.
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the spinous cell layers of a large intraepithelial bulla, its roof and base, and the
surrounding epidermis (fig. 17). The latter appeared to be newly regenerated
since no rete pegs were resent.
The acanthotic and hyperkeratotic areas of one case of parapsoriasis (pityriasis
lichenoides chronica) showed very little glycogen, but in some areas of parakera-
tosis where there was moderate liquefaction degeneration of the basal cells the
glycogen content was somewhat greater.
II. Primarily cutaneous diseases
A. Collagen diseases. Lupus erythematosus (discoid) (6 cases). There was little
or no glycogen in these lesions, especially in atrophic epidermis. A slight diffuse
stain was sometimes visible in the keratogenous zone, and small collections of
minute glycogen droplets were present in prickle cells above islands of basal
liquefaction degeneration. Rarely there was glycogen in mildly acanthotic sites or
even in atrophic patches (fig. 18). A case of subacute lupus erythermatosus with
beginning atrophy revealed no glycogen.
Dff use and circumscribed scleroderma (4 cases). These specimens showed mini-
mal glycogen in cells of the middle Malpighian layers of atrophic epidermis.
Fuchsin-stained but diastase-resistant pigment caps were visible in the basal
cells of 2 specimens.
&leredema adultorum (1 case). The epidermis was moderately PAS-positive
but the stain disappeared almost completely after digestion with diastase.
FIG. 18. Discoid iupus erythematous. X 425. A small amount of glycogen in upper rete
cells of atropluc epidermis.
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B. Miscellaneous diseases.
Circumscribed pretibial myxedema (1 case) showed considerable amounts of
PAS-positive substance in the epidermis, and the chemical nature of this sub-
stance as glycogen was proved by complete diastatic digestion.
The epidermis of keloids (4 cases) was completely free of glycogen although the
fuchsin stain showed the usual abundance of glycogen in the outer hair sheaths in
adjacent normal skin. In spots the epidermis overlying the fibrous tumors was not
only non-atrophic but actually somewhat thickened without, however, containing
glycogen.
Pseudoxanthoma elasticum and Ehlers-Danlos' syndrome (4 cases). No glycogen
was found in any one of these specimens either in the epithelial cell layers or in the
keratin. The epidermis in these sections was either essentially normal, or it
showed moderate acanthosis and papillomatosis. In one case of pseudoxanthoma
elasticum perinuclear melanin caps appeared dark purplish-red.
The epidermis of urticaria pigmentosa (1 case) was free of glycogen. Mycosis
fungoides (4 cases) of tumorous or erythrodermic character was usually com-
pletely negative for epidermal glycogen. In one specimen from a tumor in which
there were elongated rete pegs and mild acanthosis a small amount of PAS-
positive substance was visible in the spinous cells; but the faint fuchsin stain
persisted in these cells after diastatic digestion.
DISCUSSION
In view of the well-recognized affinity of glycogen for epithelial tissues it was to
be expected that the group of primarily epidermal diseases would reveal charac-
teristic findings in regard to glycogen. This presumption appears fully confirmed.
Only one specimen of 25 in the group of predominantly cutaneous diseases
showed a considerable amount of epidermal glycogen (circumscribed pretibial
myxedema); whereas numerous specimens of primarily epidermal diseases con-
tained large amounts of epidermal glycogen.
As mentioned before, the occurrence of dermal glycogen has usually been
related to proliferative and regenerative processes of the epidermis. In the light of
the reported findings this view cannot be maintained. In a number of acanthotic
lesions, with or without hyperkeratosis, no epidermal glycogen could be found,
or only minimal amounts, equal to physiologically occurring traces, were present.
Examples for this are calluses, verrucae, papillomas, and acuminate condylomas.
Similarly, chronic dermatitides, erythrodermias, and pseudoepithelial hyper.-
plasia, although usually showing acanthosis, contained only small amounts of
glycogen. In this connection it should be mentioned that Braun-Falco (7) de-
scribed little or no epidermal glycogen in some acanthotic conditions in spite of
which he correlated glycogen to acanthosis.
On the other hand, moderate or considerable amounts of glycogen could be
found in essentially normal-layered, non-acanthotic, or even atrophic epidermis,
e.g. in leukoplakias, in the surface epithelium of epitheliomas, in lupus erythema-
tosus discoides (also described by Braun-Falco), and in scleroderma.
It must be admitted that the amounts of glycogen found in these cases of noji-
acanthotic epidermis were rather small. However, as small as these amounts may
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be, their presence in atrophic or non-acanthotic skin speaks against the view that
the quantity of epidermal glycogen is inversely related to mitotic activity and
rapid keratinization (9, 23, 7). By the same token, the absence of glycogen in the
enormous acanthoses of calluses, verrucae, papillornas, and acuminate condy-
lomas is evidence that the function of glycogen is unrelated to mitotic activity
proliferation or abnormally rapid keratinization (9, 2 1—23, 17) or that the break-
down of glycogen provides metabolic energy in the absence of a sufficient blood
supply in heaped-up proliferations (6, 13). Obviously, if there are acanthotic
structures which show iio epidermal glycogen, then the function of glycogen
cannot simply he related to mitotic activity, acanthosis, rapid keratinization,
or anaerobic glycolysis.
It is true that much glycogen is more often present in proliferative processes
rather than in atrophic lesions. Examples of this are psoriasis, leukoplakias, cornu
cutaneum, lichen planus, and some condylomas and papillomas. Scleroderrna,
atrophic discoid lupus erythermatosus, senile keratoses, and elastoses, i.e. lesions
which show some degree of atrophy, do not contain much glycogen. However,
acanthosis, or atrophy, cannot be considered as decisive factors in regard to epi-
dermal glycogen. It seems rather that the type of keratinization present is more
significant. Great amounts of epidermal glycogen were found in diseases with
parakeratosis, like psoriasis, some types of dermatitis, lichen planus, some condy-
lomas and papillomas. In some of these lesions, e.g. in the condylomas and papil-
lomas, there was a striking correlation between glycogen and parakeratosis; the
tissue was entirely free of glycogen in considerably hyperkeratotic areas but
showed appreciable amounts of it wherever patches of parakeratosis were present
(figs. 4, 10). Instances of such a correlation can be seen in a variety of conditions,
e.g. in senile keratoses, lupus erythematosus, scleroderma, verrucae, pseudoxan-
thorna elasticum, chronic dermatitis, erythrodermia. In all of these lesions, the
small amounts of glycogen found in the epidermis were always localized near,
or within, islands of parakeratosis; and, significantly, this correlation between
glycogen and parakeratosis was visible regardless of acanthosis or atrophy
(fig. 18).
It must be mentioned, however, that glycogen could also be seen in a few in-
stances of hyperkeratosis. Interestingly enough, this was the case in malignant
and premalignant lesions, in particular, in prickle cell epitheliomas, cornu cuta-
neum and leukoplakias (figs. 8, 10, 12). The PAS-positive substance in precan-
cerous lesions was mainly localized in the keratogenous zone and in the keratin
itself, was usually diffuse and not granular, and was not completely digested by
diastase. It is therefore different from the granular, completely digestible glyco-
gen encountered in rete cells of parakeratotic conditions. Incidentally, the lack
of glycogen in basal cell epitheliomas could have been expected because of the
absence of this substance in the normal matrix cells of the basal layer of the
epidermis. Correspondingly, the presence of glycogen in squamous cell epithelio-
mas should not be surprising. The theoretical significance and the possible diag-
nostic value of these histochemical differences between different types of epi-
theliomas has been discussed by previous authors (7, 8).
In addition to parakeratosis, and hyperkeratosis of precancerous lesions and
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epitheliomas, there appeal's to exist a connection between epidermal glycogen
content and edema, spongiosis and vesicle formation. In lesions of dermatitis with
spongiosis and vesiculation (fig. 15), in cases of pemphigus (fig. 17) and derma-
titis herpetiformis, and in discoid lupus erythematosus, parapsoriasis, and lichen
planus with liquefaction degeneration (fig. 7), there is almost regularly some
glycogen in the epidermal cells of the spongiotic or vesicular portions or in the
rete overlying the liquefying area of the basal layer. rfhe horny layers of these
lesions are usually parakeratotic but sometimes a nucleation of the horn lamellae
is missing, and there is a granular layer.
It appears therefore that the occurrence of epidermal glycogen in skin diseases
depends on disorders of keratinization, in the main on parakeratosis, and infre-
quently on hyperkeratosis. In addition, inflammatory edema, spongiosis, lique-
faction, and vesiculation seem also connected with the occurrence of glycogen.
This concept agrees quite well with the views of those authors which attributed
to glycogen a function specifically related to keratinization.
In conclusion, it call therefore be said that no glycogen, or only negligible
traces of it, are present in surface epithelia whenever normal keratin is formed
(in normal human epidermis and in certain epidermal diseases). Hyperkeratosis
and acanthosis as such do not induce occurrence of glycogen as long as the keratin
formed appears normal.
On the other hand, appreciable amounts of glycogen are found in surface
epithelia whenever (1.) there is no keratii formed at all, as in mucous membranes,
inearlyembryonic skin, and in earlyphases of epithelial regeneration; or whenever
(2.) any of the keratin formed appears abnormal, as in parakeratosis or in struc-
turally abnormal hyperkeratosis (e.g. in malignant tumors).
SUMMARY
1. One hundred cases of 30 different skin diseases were examined for epidermal
glycogen. The standard method used was the McManus stain for polysaccharides,
controlled by diastase.
2. Considerable amounts of glycogen were found in psoriasis, in some acute
types of dermatitis, in eases of pemphigus vulgaris and dermatitis herpetiformis,
in circumscribed pretibial myxedema, in cornu cutaneum, in the surface epithe-
hum of epitheliomas, and in some keratinized papillomas; moderate amounts in
lichen planus, in discoid lupus erythernatosus, in scleredema, in keratinizing
acuminate condylomas, in prickle cell epitheliornas, and in the prickle cell
portiolls, and squamous sheets and pearls, of mixed epitheliomas.
3. In all these instances the glycogen was usually present in the middle layers,
or in the upper layers, of the Malpighian rete, never in the basal cells. It was
almost always in collections of small granules. Parakeratotic layers contained
often glycogen. Particularly in premalignant and malignant lesions there were
also polysaccharides other than glycogen, especially in the keratogenous zone.
This mixture of polysaccharides appeared usually more diffuse than glycogen.
4. Small amounts of glycogen were present in some verrucae, in senile kera-
toses, in some papillomas, in chronic eczemas, in erythrodermias, in some cases
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of discoid lupus erythematosus, in sclerodermas, and iii pseudo-epitheliomatous
hyperplasia. The following lesions were completely glycogen-negative: calluses,
most verrucae, most papillomas, basal cell epitheliornas, the majority of sciero-
dermas, some cases of pemphigus vulgaris and dermatitis herpetiformis, urticaria
pigmentosa, mycosis fungoides, pseudoxanthoma elasticum and cutis hyper-
elastica.
5. In general, considerable glycogen was found in parakeratotic processes,
rarely in hyperkeratotic lesions. No constant correlation between acanthosis and
glycogen could be found. It is concluded that, in skin diseases, glycogen is present
whenever there is abnormal keratinization.
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